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Scheme 1. Stork's epoxy nitrile cyclization.
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Figure 1. Structures of synthetic targets and caryophyllene.
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Scheme 2. Retrosynthetic analysis of 4, 5, 6 and 7.
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Scheme 3. Synthesis of cyclobutane derivative 18 via epoxy nitrile cyclization.
Reagents and conditions: a) TsCl, Et3N, Me3N•HCl, CH2Cl2, 0 °C to rt; b) NaCN, DMSO, 150 °C; c) O3, NaHCO3, 
CH2Cl2/MeOH, –78 °C then Me2S, –78 °C to rt; d) Ph3P=C(Me)CO2Et, THF, 40 °C, 51% (4 steps); e) DIBAL, CH2Cl2, –78 
to –30 °C; f) L-(+)-DIPT, Ti(OiPr)4, TBHP, CH2Cl2, MS4A, –20 °C, 64% (2 steps, 92%ee); g) TBSCl, imidazole, DMF, 0 °C 
to rt, 96%; h) NaHMDS, PhMe, reflux, 90% (dr>20:1).
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Scheme 4. Total synthesis of rumphellaone A (4).
Reagents and conditions: a) TMSOTf, 2,6-lutidine, CH2Cl2, 0 °C, 100 %; b) DIBAL, CH2Cl2, –20 °C to rt, 90%; 
c) MeCOCH2P(O)(OMe)2, NaH, DME, rt, 84%; d) TBAF, THF, rt, 84%; e) SO3•Py, DMSO, DIPEA, CH2Cl2, rt, 83%; 
f) Ph3P=CHCO2Et, THF, 50 °C, 71%; g) H2, Pd/C, MeOH, rt; h) CSA, CH2Cl2, rt, 64% (2 steps).
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Scheme 5. Total synthesis of hushinone (5).
Reagents and conditions: a) PPh3=CHOMe, THF, –78 °C to rt; b) TBAF, THF, rt, 96% (2 steps); c) SO3•Py, DMSO, DIPEA, 
CH2Cl2, rt, 91%; d) Ph3P=C(Me)CO2Et, PhMe, rt to reflux, 88%; e) 12 M HCl, THF, rt; f) NaBH4, MeOH, rt, 90% (2 steps); 
g) H2, PtO2, EtOH, rt; h) CSA, CH2Cl2, rt, 86% (2 steps); i) NBS, PPh3, THF, rt, 93%; j) KHMDS, DMF, 0 °C, 84%.
CHO
OTBS
OTMS
H
H
OH
H
H
OMe
CO2Et
H
H O O
X
a, b, c, d e, f, g, h j
H
H O O
25: X=OH 
26: X=Br i
20 24 hushinone (5)
457
 4 
 
 
???? ????????????????????? 
??????? 
? Pestaloquinol A (28)??? B (29)???
?????????? Pestalotiopsis???
???????????????????
??????????????????
?Figure 2??cytosporin D (30)??????
?????????????? 9)????
???????????????????
???????????????????
???????????????????
???????????????????
??HeLa?????????????IC50 
= 8.8 µM?9a)?????????????
???? epoxyquinol A (31)???????
???????????????????
??????????? 10)??????????????????????????????????
???????? pestaloquinol ????????????????????????????????
??????????? 
??????? 
? ????????????? 32?????????32? Stille???????????? 33???
????????Scheme 7??33????? 35???????? TS-A?????Diels–Alder???
??? 34 ????????????35 ???????? 36 ??????????????????
??????????????????????????????????????????????
??????????????????????????????????????????????
?? 
 
Scheme 6. Total synthesis of birkenol (6) and birkenal (7).
Reagents and conditions: a) tBuOK, DMF, rt to 100 °C; b) LiAlH4, THF, 0 °C to rt, 58 % (2 steps); c) SO3•Py, DMSO, DIPEA, 
CH2Cl2, rt, 88%.
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Figure 2. Pestaloquinols and related compounds.
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Scheme 7. Retrosynthetic analysis of pestaloquinols A (28) and B (29).
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Scheme 8. Synthesis of diene 40.
Reagents and conditions: a) LiAlH4, Et2O, 0 °C; b) Ac2O, Et3N, DMAP, CH2Cl2, 0 °C to rt; c) K2OsO2(OH)4, NMO, 
acetone/H2O, rt, 28% (3 steps); d) TESCl, imidazole, DMF, 0 °C to rt; e) K2CO3, MeOH, rt; f) SO3•Py, DMSO, DIPEA, 
CH2Cl2, 0 °C to rt; g) MsCl, Et3N, DMAP, CH2Cl2, 0 °C to rt, 11% (4 steps).
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Scheme 9. Synthesis of enol triflate 45.
Reagents and conditions: a) acrolein, hydroquinone, reflux, 60%; b) NaBH4, MeOH, 0 °C; 88%; c) TBDPSCl, imidazole, DMF, 
rt, 99%; d) mCPBA, NaHCO3, CH2Cl2, rt, 84%; e) LDA, THF/DMPU, 0 °C to rt, 91%; f) PCC, NaOAc, CH2Cl2, Celite, rt to 
reflux, 56%; g) TBHP, Triton B, THF, –20 °C, 89%; h) LiHMDS, Eschenmoser's salt, THF, –40 to 0 °C, 63%; i) O3, MeOH, –78 
°C then PPh3, –78 °C to rt, 63%, j) Tf2O, 2,6-lutidine, rt, 70%.
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Scheme 10. Total synthesis of cytosporin D (30) and attempts at the synthesis of dimerization precursor 32.
Reagents and conditions: a) 46, Pd(PPh3)4, PhMe, 80 °C, ca. 85%; b) DIBAL, THF, –70 °C, 45% (2 steps, dr=4:1); c) 
TBAF, THF, 0 °C to rt; d) TBAF, THF, rt to 40 °C; e) TBAF, rt, trace.
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Reagents and conditions: a) LiAlH4, THF, 0 °C to rt, 67%; b) TsCl, Et3N, CH2Cl2/DMF, rt, ca. 54%; c) crotonic acid, 
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